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ABSTRACT 
 
 
 
 
To-date, there is a large body of knowledge in the literature on the development of 
biocomposites. Nonetheless, some of the main limitation is the brittleness of the 
biocomposites when using PLA matrix which lead to relatively poor mechanical 
performance of the biocomposites. Thus, the main objectives of this research project are 
(i) to evaluate the effect of alkaline pre-treatment and fibre length on PALF reinforced 
biocomposites; (ii) to determine the effect of varying PLA matrix on the mechanical 
properties of the biocomposites and (iii) to study the effect of strain rate on the impact 
response of PALF reinforced PLA biocomposites (quasi-static vs. dynamic loading). The 
pineapple leaf fibre was pre-treated using sodium hydroxide (NaOH) prior to fabrication. 
The biocomposite with fibre loading of 30 wt.%. were fabricated either using two-step 
compression moulding (long fibre biocomposites) or melt-mixing and compression 
moulding (short fibre biocomposites) with fibre length of approximately 30 mm and 150 
mm respectively. Following these, the biocomposites were characterized in terms of 
their flexural properties as a function of fibre length, surface modification and use of 
different grades of the PLA matrix, in accordance with ASTM D 790. Sodium hydroxide 
was found to augment mechanical performance by promoting enhanced adhesion at the 
fibre/matrix interface. Alkaline-treated biocomposites exhibit much greater flexural 
strength and modulus in comparison to those of the untreated samples, an indication of 
an improved interfacial bonding between the fibre and the matrix, as evident in the SEM 
micrographs, with rough surface on the alkaline-treated PALF. Moreover, the flexural 
properties of the biocomposites exhibit superior performance when fabricated using long 
PALF (150 mm) rather than the short PALF (30 mm), suggesting an efficient load 
transfer capability. In addition, the biocomposite samples based on PLA 6100D grade 
exhibit superior flexural and tensile properties, relative to those of the 3251D based 
biocomposites, due to its ductile nature. In addition, thermal analysis of the PLA 
matrices showed that different degree of crystallinity is observed for both types of 
matrices. Lastly, in terms of strain rate effect, results following quasi-static and dynamic 
loading on the long PALF reinforced biocomposites show that higher magnitude of the 
maximum force and greater amount of damage are present in the biocomposites when 
subjected to the dynamic loading. In addition, the PLA 6100D based biocomposites 
exhibit significantly much better performance in flexural, tensile and impact tests 
compared to 3251D based biocomposites. These findings suggest that fibre length, 
matrix material, surface modification and strain rate have an effect on the mechanical 
performance of the pineapple leaf fibre reinforced biocomposites. 
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ABSTRAK 
 
 
 
 
Sehingga kini, terdapat banyak pengetahuan dalam kajian ilmiah mengenai perkembangan 
biokomposit. Walau bagaimanapun, beberapa kelemahan utama adalah kerapuhan 
biokomposit apabila menggunakan matrik PLA yang membawa kepada prestasi mekanikal 
yang lemah bagi bahan biokomposit. Justeru, objektif utama projek penyelidikan ini (i) 
untuk mengkaji kesan rawatan alkali dan panjang gentian daun nanas ke atas sifat 
mekanikal bahan biokomposit; (ii) untuk memahami kesan penggunaan bahan matriks 
polimer ke atas sifat mekanikal bahan biokomposit dan (iii)  mengkaji kesan kadar beban 
yang dikenakan (kuasi-statik berbanding beban dinamik) ke atas sifat hentaman bahan 
biokomposit PLA diperkuat gentian daun nanas. Gentian daun nanas telah dirawat 
menggunakan natrium hidroksida (NaOH) sebelum fabrikasi. Biokomposit dengan 
pecahan berat gentian sebanyak 30 wt%. telah dihasilkan sama ada menggunakan acuan 
mampatan dua langkah (biokomposit gentian panjang) atau melt-mixing dan pencampuran 
(biokomposit gentian pendek) dengan panjang gentian masing-masing sekitar 30 mm dan 
150 mm. Seterusnya, biokomposit dicirikan dari segi sifat lenturannya sebagai fungsi 
panjang gentian, pengubahsuaian permukaan dan penggunaan gred matriks PLA yang 
berbeza, mengikut ASTM D 790. Natrium hidroksida didapati meningkatkan prestasi 
mekanikal dengan peningkatan lekatan pada antara gentian dan matriks. Biokomposit 
yang dirawat dengan alkali memperlihatkan kekuatan lenturan dan modulus yang lebih 
tinggi berbanding dengan sampel yang tidak dirawat, menunjukkan antaramuka yang 
lebih baik antara gentian dan matriks, seperti yang ditunjukkan di dalam mikrograf SEM, 
dengan permukaan kasar pada PALF yang dirawat alkali. Selain itu, ciri-ciri lentur 
biokomposit menunjukkan prestasi yang unggul apabila diperkuat PALF yang panjang 
(150 mm) berbanding PALF yang pendek (30 mm), menunjukkan keupayaan pemindahan 
beban yang berkesan. Selain itu, sampel biokomposit berasaskan bahan polimer matriks 
6100D mempamerkan sifat lentur dan tegangan yang unggul, berbanding dengan 
biokomposit yang berasaskan bahan matriks PLA 3251D, kerana sifat mulurnya. Di 
samping itu, analisis haba matriks PLA menunjukkan bahawa terdapat tahap 
penghabluran yang berbeza bagi  kedua-dua jenis matriks. Akhir sekali, dari segi kadar 
beban yang dikenakan, keputusan yang diperolehi daripada ujian beban kuasi statik dan 
dinamik pada biokomposit yang diperkuat oleh PALF panjang menunjukkan bahawa 
magnitud yang lebih besar dari segi beban maksima dan jumlah kerosakan yang lebih 
besar hadir dalam biokomposit apabila dikenakan beban dinamik. Di samping itu, 
biokomposit berasaskan PLA 6100D menunjukkan prestasi yang jauh lebih baik dalam 
ujian lenturan, tegangan dan hentaman berbanding dengan biokomposit yang berasaskan 
3251D. Penemuan ini mencadangkan bahawa panjang gentian, bahan matriks, rawatan 
permukaan dan kadar beban dikenakan mempunyai kesan terhadap prestasi mekanikal 
biokomposit yang diperkuat gentian daun nanas. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Background 
This century has witnessed remarkable achievements in green technology in the field of 
biopolymer and bio-based materials. The primary goal of these developments is to save 
and protect the green atmosphere as contrasted to petroleum-derived materials. In addition, 
the high price of petroleum have also caused the bio-based materials to gain more attention 
(Herrera-Franco and Valadez-Gonzalez, 2005;  Bledzki and Jaszkiewicz, 
2010;  Jamshidian et al., 2010;  Pickering et al., 2011;  Shalwan and Yousif, 2012 and  Jia 
et al., 2014). Biofibres, biopolymers, biocomposites and allied biomaterials are potential 
alternative materials and products traditionally made from petroleum-based resources. To-
date, there are many bio-based resources for new industrial applications, ranging from car 
components to consumer merchandises as well as packaging supplies to green construction 
products. The uses of fibre reinforced composites materials are becoming more versatile 
and famed due to the high strength-to-weight ratio together with easy manufacturing 
approaches (Holbery & Houston 2006; Hayes and Gammon, 2010; Faruk, et al. 2012 and 
Mohammad Asim et al., 2016).  
Natural fibres such as hemp, flax, jute, kenaf, oil palm, and bamboo have drawn 
considerable attention in numerous industries such as automobiles, furniture, packaging 
and construction (Ochi, 2008). Their main interests in natural fibres over synthetic fibres 
are due to low cost, lightweight, carbon dioxide less-dependence on foreign oil resource 
and less damage to processing equipment. Other than that, natural fibres are plentifully 
